Abstract: Planar structures (foliations and shear zones) and linear structures (lineations, fold axes) around the Bossangoa and Bossembele area (northwestern part of the Central African Republic) in the North Equatorial fold belt have been investigated and analyzed with the aim of unraveling the major structural elements and the tectonic evolution of the basement. The foliations show two major trends, an older flat-lying granulitic layering of uncertain age reworked by later, Neoproterozoic NE-SW ductile, sinistral shearing and mylonitization. The related lineation is conspicuous and corresponds to a mineral and stretching lineation. It trends N0-30°E with a moderate plunge (0-15) towards the north. F 1 folds occur only as decimeter-sized isoclinals folds; their axial traces are roughly parallel to the lineation. The brittle phase characterized by NW-SE-trending open and partially filled fractures is younger than the mylonitization. Quartzofelsdpathic anatectic veins or planes are commonly boudinaged, and the shape of boudins rather suggests non-coaxial deformation. The mylonitic foliation with associated stretching lineation and the ductile shear zone are recognized for the first time and support a tectonic evolution in which ductile deformation was overprinted by brittle failure accompanied by the emplacement of some intrusives.
INTRODUCTION
The Bossangoa-Bossembele area (NW Central African Republic-CAR) forms part of the North Equatorial Fold Belt (NEFB) that extends from Nigeria to the CAR through Cameroon and can be correlated with the Borborema Province of NE Brazil [1] . The NEFB is affected by the Central Cameroon Shear Zone (CCSZ; [2] ), which is a major lineament of the Pan-African Orogen of Central Africa. This transcontinental shear zone is a major crustal discontinuity extending from north-eastern Brazil into CAR ( Fig. 1) and has been the focus of numerous investigations [3] [4] [5] [6] [7] [8] [9] [10] [11] . Deformation along the CCSZ is not homogeneous and is closely linked to granitoid intrusion events. Separate regions of dextral and sinistral shearing as well as zones of reversal of shear sense have been described (e.g. [12, 13] ). In all these studies, the segment of the CCSZ in CAR has remained largely unstudied. The occurrence of deformed basement rocks truncated by ductile and brittle features, some of which acted as pathways for magma ascent and eruption, makes the Bossangoa-Bossembele area a suitable site for studying the evolution of the CCSZ and its geodynamic significance in the Pan-African NEFB in CAR. The relative timing of these deformation and magmatic events is still unclear in many parts of the CCSZ. The mapping of this area carried out during this study has revealed excellent exposures of the basement and has inspired this contribution. We show in this paper that earlier flat-lying granulitic foliations of uncertain age were reworked by Pan-African ductile sinistral shear zones, resulting in a prominent NE-SW mylonitic foliation parallel to the regional trend of the NEFB and the Sergipe Belt. This ductile event was followed by brittle deformation that produced E-W to NW-SE-trending fractures. Many of these Pan-African ductile shear zones are filled by granitic dykes and veins suggesting that the brittle event is linked to the emplacement of granitoids of Neoproterozoic age [8, 10] .
GEOLOGICAL SETTING
The work of some authors (e.g. [14] [15] [16] [17] [18] [19] [20] [21] [22] ) shows that the CAR can be divided in three major structural units from south to north:
1-Southern part:
The Congo Craton consists of (1) micaschists and quartzites of Archean and Paleoproterozoic age [23] ; (2) metabasites (amphibolites, pyroxenites of Mbomou) of Archean age (2900 Ma; [16] ); (3) charnockites series and gneisses similar to those of the Congo Craton in Cameroon [18] , and (4) Archean greenstones (komatiites), itabirites, greywackes, rhyodacitic tuffs and granitoids [24, 25] . (5) Rolin [22] these rocks are separated from the Neoproterozoic gneisses by a ductile shear zone.
3-The
Northern part is composed of granulites, orthogneissic and granite of Neoproterozoic age (833 ± 66 Ma [18] ). It corresponds to the western extension of the PanAfrican fold belt in Cameroon. This domain is bordered in the south by a late Pan-African shear zone [26] .
The Bossangoa-Bossembele area (Fig. 2) is affected in the north by a tectonic lineament more or less parallel to the Centrafricano-Tchadian border. This lineament extends from Cameroon through the CAR to Sudan. Detailed structural studies in the northern part of this study area [27] show that the mylonites follow an intricate conjugate fault system with NE-SW and NNW-SSE trends. These faults truncate and deform an earlier shear system with an N120˚E trend. The major lineament that crosses the Bossangoa-Bossembele region from east to west is a mylonitic band that consists of pseudotachylites, blastomylonites and granitic gneisses of the basement [28] . This basement comprises also schists, sericite schists, micaschists and amphibolites [28] .
The precise ages of rock units in the study area and the timing of movements along the Pan-African structures in the CAR are unknown.
PETROGRAPHY
The basement of the Bossangoa-Bossembéle area comprises gneisses, garnet schist, amphibolite, pyroclastic rocks and meta-granitoids, all of which have been locally mylonitised (Fig. 2) . Full descriptions of these basement rock types are presented elsewhere [29] and they are only summarized here. The gneisses, amphibolites and schists are high-grade, medium-grade and low-grade metamorphic rocks evidenced by the Cpx +Opx +Pl + Qtz + Kfs and Sill + Grt + Qtz + Kfs +Pl + Gr + Ru (gneisses), Qtz + Kfs + Pl + Hbl + Grt + Op (amphibolites), Ms + Grt +Qtz +Kfs and Bt + Ms + Ep + Op (schists) mineral associations (abbreviation after Kretz [30] ). The gneisses have distinct mineralogical layering consisting of alternating bands of quartz and (Fig. 3) and have the following deformation characteristics at the microscopic scale: undulatory extinction and kink bands in quartz, formation of myrmekites at the expense of alkali feldspar, kink and deformation twins in plagioclase and development of secondary biotite. The mylonitized rocks (Fig. 3a) have sheared and stretched quartz ribbons with an anastomosing pattern of intervening lenses of less deformed gneiss and schist. The quartz ribbons and a retrograde mineral association comprising hornblende, muscovite, epidote, oxides and biotite define mineral lineation in the mylonitized rocks. 
Shear Zone Fabric
The Bossangoa-Bossembéle Shear Zone is defined by gently to moderately dipping foliation (Fig. 3a, 5 ) bearing a well-developed subhorizontal mineral-stretching lineation. Evidence of stretching parallel to the lineation is widespread throughout the entire shear zone, especially boudinage (Fig.  3b) and extensional faulting of layers or dykes of more competent rocks, recrystallization tails on feldspars, elongated enclaves in mylonitized magmatic rocks, and pressure shadows on synkinematic garnet porphyroblasts. This lineation is usually defined by metamorphic minerals like sillimanite, amphibole, and biotite, which grew parallel to the stretching direction.
Shear zones in the Bossangoa-Bossembéle area are defined by a well-developed mylonite zone in which both high-and low-temperature mylonites coexist. Hightemperature mylonites were derived from various kinds of pre-existing rocks: metasedimentary rocks, metabasites and pre-to synkinematic intrusive rocks. In the high-temperature mylonites a continuous transition from magmatic to solidstate flow is marked by: (a) microfractures filled with quartz and feldspar in K-feldspar porphyroclasts, suggesting formation due to stress concentrations at contacts between grains in the submagmatic stage [31, 32] ; (b) crystal plastic deformation (Fig. 3c) and dynamic recrystallization of plagioclase, myrmekite growth along the boundaries of Kfeldspar porphyroclasts, indicating that ductile deformation occurred under high-temperature [33, 34] . Shear criteria are abundant and a large variety of kinematic indicators have been observed (e.g. Fig. 3d, e) . Undeformed and asymmetric protolith boudins (Fig. 3d, e) , commonly elongate parallel to the mineral lineation, are good shear sense indicators and define an overall sinistral sense of shear. At the boundaries of the shear zone, the gneissose layering is deformed into small-scale drag folds that show a sinistral sense of displacement. The sinistral sense of movement along the shear plane was also deduced from displacement of quartz veins, some of which show rotational movement. Within the ductile shear zone, the gneissose layering is rotated parallel to the mylonitic foliation. The fact that the ductile shear zone cuts across the gneissose layering and the presence of drag folds suggest that mylonitisation followed the metamorphic layering. Other macroscopic and microscopic non-coaxial sinistral shear sense indicators observed included rotated quartz pressure shadows in a muscovite matrix, C-S fabrics (Fig. 3f), -structures (Fig. 3g) and, -structures (Fig. 3h). 
Foliation and Related Features
The main planar structures are foliations and fractures (Figs. 3a, c, 5, 7) . A total of 98 foliation surfaces were measured during the fieldwork. The foliation surfaces have low to moderate dips (0° to 45°) predominantly to the west. These data, plotted on stereonets ( -diagrams anddiagrams) show that most of the foliations planes have a NE-SW trend (Fig. 5) . To get an overall orientation of the foliations, the poles of these planes have been plotted and contoured (Fig. 7) using conventional techniques [35, 36] . These density plots show the poles of the foliations are (Fig. 7a) , confirming the dominantly NE-SW trend. In order to get the specific orientation of the foliations, we constructed rose diagrams for each of the locations from which measurements were taken (Fig. 8) . These rose diagrams define two dominant directions for foliations: NE-SW (locations RTB, RSB, and BK) and N-S (locations BS and SY). Fig. (8) also shows form lines drawn on the basis of the raw structural data and rose diagram plots. With respect to the foliations, these lines show a sigmoidal structural form due to the superposition of the sinistral ductile shear zone on the N-Strending gneissic layering. The predominant foliation is a mylonitic foliation (Figs. 5, 7a ) that is parallel to the regional CCSZ strike-slip fault system. The foliation plane (Fig. 3a,  d, e) is defined by biotite and graphite flakes, sillimanite prisms, platy quartz and rutile needles (gneisses) and by the orientation of deformed quartz grains and by mica flakes wrapping around well-preserved feldspar porphyroclasts (meta-granites). The lineation develops preferentially on the shear planes, which commonly nucleate along the edges of the K-feldspar porphyroclasts. Aggregates of quartz grains within the meta-granites also show an elongation parallel to the lineation, consistent with it being a stretching lineation. The sinistral sense of movement deduced from the mesostructures and microstructures described above, most of which show rotational movement, confirm that deformation along the mylonitic trend was non-coaxial. The original gneissic layering had an N-S trend and this was later distorted by the sinistral shearing during the mylonitisation event. This effect is discernable in Fig. (8) and on the rose diagram in Fig. (9) .
Fractures
A total of 230 measurements of dips and strikes of fracture surfaces (Figs. 4, 6) were taken during the fieldwork. To get an overall orientation of the fractures, the poles of these planes have been plotted and contoured (Figs. 6-8) using conventional techniques [35, 36] . These density plots show the poles of the fractures are concentrated in the NE and SW sectors (Fig. 9b) , confirming the dominantly NW-SE trend of the fractures. In order to get the specific orientation of the fractures, we constructed rose diagrams for the locations from which measurements were taken (Figs. 8,  9 ). Rose diagrams for fractures define more or less E-W and NW-SE trends. This brittle deformation is marked by three principal sets of fractures: N150-160E, N130-140E and N090-120E. Many fractures showing only minor displacement cut the mylonites and represent the final movements on the zone. Fracture plane are usually filled by aplites and quartz veins. Some microfaults were also observed, especially in mylonitic samples that contained a significant proportion of randomly -oriented, iron-filled fractures. Field relations indicate that these fractures truncate the ductile foliation (Fig. 4) . Microscopic observations show breakage of grains, particularly common with brittle feldspar. Typically, smaller fragments are smeared out along shear plane to form trails while the parent grains develop undulatory extinction and become elongate due to microfracturing. For example, the fine-grained material around these fragments has flowed in to fill the gaps between the broken fragments. This assemblage of fragmental feldspar porphyroclasts and fine-grained envelopes produce a pressure shadow-type microstructure. Microfracturing is a common phenomenon found in most of the thin sections. It occurs either within a single porphyroclast (intragranular fracturing) or cuts across many crystals in the rock.
DISCUSSION
The Bossangoa-Bossembélé rocks were deformed during two main tectonic events:
1. A 020-060º trending, ductile mylonite sinistral strikeslip foliation. The mylonitisation event reworked an older 000-020º (N-S) granulitic foliation. The age of the granulite layering is uncertain. Although zircon grains from metamorphic rocks farther west along the CCSZ and south of the study area have been dated at 2100 Ma [18, 37, 38] , similar work has not been done around the BossangoaBossembelé area. Pan-African ages (618-650 Ma) have been obtained for mylonitised rocks in the western part of the CCSZ [8, 38, 39] and in NE-SW-trending ductile shear zones in Adamaoua, just west of the study area [10] . The similarity between these dated mylonites and the ones we have described around the Bossangoa-Bossembelé area allow us to constrain the age of mylonitization event as PanAfrican. The mylonites have a distinct amphibolite and greenschist facies assemblages with the appearance of hbl + bt + qtz, ep + chl + ser, and the silicification of the matrix. The hornblende, biotite and sericite in the mylonites formed from the breakdown of pyroxene and feldspars in the precursor rocks and points to the fact that mylonitisation was accompanied by fluid infiltration resulting in retrograde metamorphism.
2. A younger brittle event marked by three principal sets of fractures: N150-160ºE, N130-140ºE and 090-120ºE. On a regional scale, similar brittle features that post-date ductile shearing have been documented in the adjacent Pan-African Banyo and Tombel basement in Cameroon [9, 37] and Cretaceous Benue Trough sedimentary basin in Nigeria [40] . These fractures often have volcanic or granitic veins and are believed to mark the early stages of the opening of the basin.
The tectonic evolution in the Bossangoa-Bossembelé segment of CCSZ system commenced with ductile deformation and terminated with brittle deformation. This is a classical feature of ductile shear zones that was subsequently overprinted by a brittle event [8, 33, 41, 42] , although shear zones in which macroscopically brittle deformation predates a ductile event have also been described (see [43] and references therein). Mbedo (2006) [44] for the southern part of the CAR. These results are similar to those obtained from this study, Mbedo (2006) [45] reported a 030-060º-trending mylonitic foliation within orthogneiss. Despite the distance, the important NE-SW direction is clearly established from CAR and adjacent areas. This is a significant contribution to the tectonics of this region.
CONCLUSION
In this study, we have produced a structural and geological map of the northwestern part of the CAR (Fig. 2) . We have also deduced for the first time, a major sinistral shear zone in the region, mainly from the orientation of mylonitic bands and subsequent deformation. We also conclude that the brittle deformation is younger than the foliations and that the region experienced a ductile to brittle transition and non-coaxial deformation. These results contribute to the better understanding of this northwestern part of the CAR in relation to the deformation and plutonism. The Bossangoa-Bossembelé shear zone is shown (Fig. 1) system [4, 10, 45-48 ], in which case it would be comparable to the largest shear zones in the world, with an original total length well over 1000 km. 
